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(54) MULTIBEAM SCANNING OPTICAL SYSTEM. MULTIBEAM SCANNING DEVICE 
MULTIBEAM SCANNING METHOD AND IMAGE FORMING DEVICE 

(57)Abstract: 2 
PROBLEM TO BE SOLVED: To realize an excellent 
small-diameter light spot, the high degree of freedom in 
the layout of optical arrangement and excellent light 
utilization efficiency required for high speed scanning in 
multibeam scanning. 

SOLUTION: This multibeam scanning optical system is 
provided with a 1st optical system 2 coupling plural 
beams from a light source side to succeeding optical 
systems, a 2nd optical system 4 forming the respective 
beams coupled by the 1 st optical system into a line 
image long in a main scanning direction and separate 
from each other in a subscanning direction, a light 
deflector 5 having a deflecting reflection surface near a 
position where the line image is formed and deflecting 
the respective beams, and 3rd optical systems 6 and 7 
condensing the respective beams deflected by the light 
deflector 5 onto a surface to be scanned 8 and forming 
the light spot separated from each other in the 
subscanning direction on the surface 8. When a pitch in 
the subscanning direction of a light emitting source in a light source 1 is defined as PI, the 
pitch of a pixel on the surface 8 is defined as P2 and a skip order is defined as m(>1), they 
satisfy a condition: (1) 0.1<P1/(m.P2)<1.0. 
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(57) [M*^] 

(1) 0.1 <Pi/ (m • P2) < 1. 0 




1 

^o^^^U^^K^ii'O 

BfilUT^CTt^.TK^y I^^jr^fi5c-r^ll3 7t^^i:^'WL. 

(1) 0.1 <P\/ (m • P2) < 1 . 0 

(2) 0. 5 < I /3 I < 1 . 5 

^ 1 7fe^^cO,^.^,i^Bjt : f 1 , ^ 2 7t^^OiiJ^dit:frfp) 

(3) 1. 5<f2/fi<5. 0 

Ilg*ll4] If *JI 1 3 tOf£lc<^ 1 |rf2«fe(7D-;?yP5^ 

t:'--^^(E5rfi]$-ti-, ««SrpItr-A$r^3 3t^^icJ:»9, 
: m (^1) T-^/i'^e'— ix?fe3lE^tT9"^/^^b'— -t^ 



(2) 2001-324689 

So 

m 2 y > K y u >X-t!^*> ^ r i: $r^a <!: 

118*^11 0] 3fel^ilS;!;*^comi^tf-^Sr. ^13^^^ 

: m (^1) T-^/i^^K-— -6.3tS€r^T3"^/^'^tr— 
18*11 6 9 <01£M(0 1 JcfeiR(0-^yu^ t^^— jtSS^B 

mitmit<om^m(D^M^^no^ik^mmtvx. tn 

[0 0 0 1 ] 
[0 0 0 2] 

50 itmm.^tL^o^i}o m:t\^s ^mtLx^mt^^-if 
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3 

(Dmj^Mm : f 2. f W':^X(osi]3t^:i^rRj(^«»^ : 

(4) Q=P (f 2/"f i) I fi I 

y<9^—^ :P. f2. fu I ^ I om^-a-i^^^ii-f^^'* 
[0 0 0 3] ^.^.ggait : f Ul. M-r#^'5^;j57:yry V 

'>y ly Ky ;^>'i-u>X(Dlx<^tt^ll<^>g^^^§:tt 
<lr*5jiL</<f6o f 0 U'>'X<tS{5feffiffii<!:c7^l?i1l^ 
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4 

[0 0 0 4] 

[0 0 0 5 J 

w.i%^^.t. m2it^iht. itu\^\^ 

ry >i/$tL^c^b'-A$r. ^*S*r^icft</Sii^S 
1^) ^Pi. g£i^S®Jblc*5Jt^iii3gt'';/^ 

^^*sPigcDi3:sf±(orBiRi) ^P2. rnxj^mx^itk^^m 

(1) 0.1 <Pi/ (m ' P2) < 1 . 0 

L-;^Xj i: LT. ^2 3t^^ai rt£!,(^)i/y Ky;<7y^'U 
>'Xt)L< (iDDcD:J^y Ky 7-j ti.xmtSL'r 

f^. jfe:^^;^^ 1 2 0 0 d p i ^-r^^ 2 1 . 2uTnt 
^P\/ (m • P2) J (1) ^(D±mU : 1 . 

^fz. (1) ^coTnH(7)0. 1 J^Tlc/^^^i:. 3ti5?jc4y 
<?5tV^//-io5Maf ((^?»jx*i'l 0 Aim) J:'9t/h$</^ 

[0 0 0 6] _hiaiS5ltJi 1 lEfic^T)-^^^^ tr--^ jtigjt^ 

(2) 0. 5 < I /3 I < 1 . 5 

(2) ^(0±|5gffl[: 1. 5\:^±\CfJ:^t. ^StmWl^^ 
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(4) 

5 

(2) ^cDTRRflf : 0. %\>XT\z.fi^t. ^S^fe^^^co 

[0 0 0 71 :^fcti2|e^<7)-vyP^h:'-A 

(3) 1. 5< f 2/f 1 < 5. 0 
$r«^-rSw<^35S$f*Ll>(lt5fexM3)o (3) ;*(D±PK 
fiS: 5. 0)^±;c/^^<!:. ^ 1 3t^¥^^.<03fe$ltl-rit'^, II 

'9^;55^^L^*r</.f^o (3) ;^<^)Tns«i[ : 1. 5jei 

iSJcSc : m^l ^i-'Sr i:/j5T-#-5 (IS*il4)o ^co^i 

[0 0 0 8] :L<D^m(r>'^^\-^\f--uit^mm.\t. ^im 
2^^^(cj:"9. ^^^Jj\^i,z^<. g|J^^^::^^^J{c5:l^ 

\z^m\^tzmitiizm^.^-^. m^,(^yt^i^Mm.m^\zu\^ 
Rmm^^-r^itmi^^^zx^^^f-j^^mii^^^. ^ 

u\^]\f-j^^m3it^7h\zxy}Wy^itm\z\^^fxM^ 

^M^\Ss±\z. Wm^:fj^\zS.i^{z^mi.fzity^^^ 
> NSrffMU, mXJ^mVl^m, : m (^1) X-^JV^yf- 
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6 

^^^y v^miSL'T^-^fi^'^M^-M.^^it^^.tx^x. m 
[0 0 0 9] z<Dj&m<o-r/i-^\f'-j>^MM:bmn r^as 
rtr^r <b$r4^«^-r5 (If jjeJii 0) « 

m%mj^<oi^im\zit^^mmzx.^% 
^ii;o%it'Mmm,h\^x. fg3jt^6~9(of£g(oi tela 

(fS^Jli 1) o rcoi9*rii i lagccoiU^JI^fifeS^gtc 

(lt5Rxli2)o h-^-lJ{%(l, v-- h^tcDfS^Mf* (fie 
fyy^^v^'^-Vi ^) Ci^^^n^io ISjftrii IIB 
t^^*:7^yu^j i:t>T*#^o Cc^i©^, 

mm hV.XWMX^^, ^fclS^fll 2|Si&coii«',?f^ 

[0010] 

ru>r-c*>oT. 4o(o^3fea^,^^Rgwi-ci^ij{cE^jL 
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(5) 2001-324689 

^^^TiboT. 2e:(OWvX6. 7tCj:!?«^K$tL 
[0 0 1 1 ] 

immm] ^r. i2)itc^L^jte^gaB*cMt-5:irf*:w 

f(Y. Z)=fm(Y)+fs(Y.Z) (5) 
ib-r^c ^wic. ;&i22miiI(7)fm(Y){l r^^s^f® 
(XY®) i*i<7)j|^4/tj Sr^L. SB2XI(Ofs(Y.2)li. ^ 

li. -biE±ifeSrrSjl*i<7)fl^4^ : fm(Y) t LT, ^jWcT?!^ 

ffi'l^: : Km, : Ami. Am2, AmS, Am4. Am 

5, Am6. • • $:fflV>, )tft!i:frrRJcOx7'>?. : X^'^!fcO^ 

fm(Y) = (Y2/Rm)/[l+V' {1-(1+K) (Y/R m)2 } ]+ 
+Am1 • Y+Am2 • Y^+AmS • Y^+AmA • Y^-i-AmS • Y^+AmB • (6) 
(6) -^I^^^ct:'^!^ : Ami. AmS. Am5 • - <Dmv ^K), ±3t^:^|SltC^;^>X-^6o ^fc. Jtief s(Y. Z) ti. 



rS] legacy $;^LTv> 6 t^T% 4 t*— -t^^lsv^icfi/^^:)^5o 

>'X4(Df^ffltcj;i9, ^n^'ngi]itie:^r6](z**$;iu 
^iv^'M>^M^:^\^i,z^\^^m^.tl.x\ sv>tciJj 

^WJc(|5rRl$ixfc4 l^— i^Ji Tfgs jfei^^j $r/.f-r2tt: 

cTDU^Xe. 7$r^i©L. ffi:^3g®8 (mm'Oi,zn^^ 

mi^(Oi^^m) ±{c, iij3fe5g:^ioj(c5^BiLfc4oo7t:^ 
hi: Ur*5feL, t6^3SffiJ8<7)4^fij»S:fg1li#(C3fe 

fj:i^ikth^j i^zx^mni^^ix. mm^^\zm-^t. 4t* 



Cs)/[l+V^ {l-(l+Ks)(Y ' 
Y+F2 • Y2 + F3 • Y3 + F4 - 
Y2+G3 
Y2+H3 
Y2+ I 3 ' 
Y2+J3 ' 



Y + G2 
Y+H2 
Y+ 1 2 
Y+ J2 



Y3 + G4 
Y3 + H4 
Y3+14 
Y3+ J4 



CS)2) 

Y^+ • 

y4 + . 

Y4+ . 
Y^+ . 
Y^+ • 



40 



fs(Y,Z) = (Y2 . 
+ (F0+F1 • 
+ (G0+G1 • 
+ (H0+H1 • 
+ (I O+I 1 • 
+ (J0+J1- 

Cs=(l/RsO) + Bl • Y+B2 • Y2 + B3 • Y3 + B4 • Y^ + BS 
Ks=KsO+Cl • Y+C2 • Y2+C3 • Y3+C4 • Y^ + C5 • Y^ 

x^)^. TRsoj ^mi^^tsw\M^mmpH\zi6{f^ 

jQ:lf^^m^"<^X^^^ Y<D^-^m9fi^ : B], B3, B5 

^3tt:^f6]tC|^^J-#i:/^6o(5]^lC. : CI. C3. C 

5. • - • , F1. F3. F5- G1. G3, G5 • • 

nm^m^m-t ^Y<D^mm9f^mj <Dm^fj^fj>o}^.s^x 
mmm i 

3tJ^lti¥^2S«:u-ifTWT^5tffi^ : 7 8 0nin. 
^9tmm : 4. «3tMtDb-5/^ : Pi = 1 5 mnX^h 



Z 

Z2 

z* 

Z5+ • 



(7) 



• (8) 

• (9) 

6o ;^:y:7^y >'^U->X2{i^.^.S^3ll : 2 9. 2 3 3m 
T/>-^z^r 3<^0BPtifi, ^5feS:^lRj : 9. Om 



50 



>-X4f^M,^.fi£HII : 5 8. 6 8 7mm(Ot.c?DTfc6e 0 
!|E*®j^5(i, iE5rfi3SW®» : 5, I^^KRif^^ :20m 

HI : J = 1 8. 4 7 SmmKiX. ^3feS:i^rS](Cfi|^«| : 
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(6) 



[0 0 121 -^vV-^t'-i^^ife^StOflltJSjffib^C* : m= 1 * 

iS#^ Rm RsO 

diolZ^lt® 0 oo oo 

i/>'XL 1 1 1616.426 -50.145 

2 -146.513 -199.813 

1^ > X L 2 3 400. 875 -72. 026 

4 824. 882 -27. 588 

^h^^ V/i^Wa] X*h^. 2iS*5j:U^3 iSJl h a 

0r.\-o^ yji^mi T-fc^o ^¥f^^\-a^ y/ums it. W\ 
[0 0 13] ±151 ®'-4SjtC^-r^ U>'Xlij?f^:bt^if^ 20 

.^?5^l^^;l^^l^T. M^i^ rE+2j (± ri oco2^j 

m:ti1i rE-13j (1 ri ot^)-l 3«j ^^-To 

1® (i^f^^ttyu'^'XoAM®) 

RnPl616. 426, K=l. 9758E+2. Am4=l. 2807E-8. Am6=-6. 3739E 
-13. Aiii8=-9. 4279E-17. Ami 0=5. 9653E-21 
Rso=-50. 145. B1=-l. 1619E-5. B2=2. 2760E-6. B3=2. 7143E- 
9. B4=-l. 5441 E-IO. B5=-4. 2654E-13. B6=6. 4174E-15. B7= 
9. 1795E-19. B8=-l. 2300E-19. 89=1. 4532E-20. B10=-l. 881 
4E-22. Bl 1 =-1 . 4681 E-24 B1 2=-2. 6702E-26 30 

2® iu\^mmi^>^(rjk^mm) 

Rm=-146. 513. K=-l. 8570E-1. Am4=l. 7743E-8. Ani6=l. 3838E 
-13. Am8=-4. 3545E-17. Ami 0=7. 1684E-21 
Rso=-199. 813. B2=-2. 1247E-6, B4=1. 8045E-n. B6=2. 7156 
E-14. B8=6. 9237E-19. B10=-2. 6853E-22. B12=-5. 7783E-26 

3® mM^mmi->^^(OA$tim) 

Rm=400. 875. K=-l. 2603E+1. Am4=-7. 3492E-9. Am6=-2. 1056 
E-13. Am8=8. 1727E-18. Ami 0=5. 4093E-22. Aml2=-1. 081 9E- 
26, Anil4=-2. 0391 E-32 

Rso=-72. 026. B2=-l . 961 8E-7. B4=2. 2296E-1 1 . B6=-1 . 021 6 40 
E-15. B8=1. 081 1E-20, B10=6. 3632E-25, B12=-3. 6449E-29 

4® m^^mmi^>^^^mH^m) 

Rm=824. 882. K=-7. 107E+1, Am4=-1. 3238E-8. Am6=9. 6624E- 
14. Am8=1. 8875E-17, Aml0=-3. 1016E-22. Ami 2=7. 2979E-2 
7. Ami 4=2. 3052E-32 

Rso=-27. 588. 81 =-8. 5460E-7. B2=4. 1615E-7. B3=-2. 5226E 
-11. B4=-2. 9599E-11. B5=2. 1135E-16. B6=l. 1604E-15. B7= 
4. 3715E-22. B8=-l. 0981E-21. B9=5. 5597E-24. B10=-7. 784 
6E-25. Bll=-1. 6169E-29. B12=3. 2622E-30 
Ks0=-3. 9399E-1 , CI =1 . 7960E-4. C2=2. 4246E-6. C3=4. 4377 50 
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JO. 

SJ^t'ry^ : P2 = 2 1 . 2 urn 

m 3 ^^^<0©j7feac*ffiJ(0ffij§^ : ^ = - 0 . 7 0 4 

m3±^mcm^^±n^i5:^mm^'(^ Rm, rso. 
±(Dmmm :x. i-i^:^^W(ommm . n{zM'r^y'- 
X n 

72. 560 1 

35.0 1.52398 

61.933 1 

14.0 1.52398 

160.556 1 

E-8. 04=4. 5838E-10. C5=-2. 4380E-12. C6=-3. 3957E-14. 07 
=4. 1317E-17, 08=6. 8052E-19 

1 0=2. 8688E-6. 1 1 =4 01 1 5E-1 1 . 1 2=1 . 6903E-1 1 . 1 3=3. 5723 
E-14. l4=-8. 7422E-15, 15=1. 9643E-18. 1 6=8. 6034E-1 9, 17 
=6. 1604E-23. l8=-3. 3469E-23. l9=-a 6931 E-28. 110=4. 53 
55E-28 

K0=-1. 5263E-9. Kl=-3. 1009E-11. K2=-8. 9028E-12, K3=5. 0 
172E-14. K4=3. 2408E-15. K5=-7. 7026E-18, K6=-4. 1043E-1 
9. K7=5. 1175E-22. K8=2. 3678E-23. K9=-l. 5500E-26. K10=- 
6. 3709E-28. Kl 1=1. 7480E-31. K12=6. 5028E-33 

o 

[0014] 

(1) (r:>y<y;>t^^ : Pi/ (m • P2) c^ffi : 
Pi/ (m • P2) = 1 5/ (2 1 . 2X1)=0. 71 

( 2 ) (Di^m : I ^ I = 0 . 7 0 4 

(3) <D^<y;<—^ : l2Xl}(Dm: 
f2/fi = 58. 68 7/29. 233 = 2. 0 

I114ic. UMii^j 1 (c^ol^'-r. ^mi^i-—^ru^ 
*:S:^fp] (a) . itl^S;^!^ (b) {co^TT^-r, nicoffi 

[0015] nmif^i 2 

itm 1 <i^»fl: U-if T U-^ ^^^^ : 6 5 5 n 
ea^li^iXtV^^o ; Pi = 3 0MmX*fe 

So :<7s/>^y >'^u:/X2ti, m.^MM^ 2 7. 0 0 0 

';/Xy >:/u>'X;i^e>l^tli-r6jt^fi¥fT^^i:?tC'5o 
T/^'-^3.T3C0^P♦S^i. ^^^:^|fi3 : 7. 8 4m 
m. m^^-)o^ \ 2. 7 6mm-e^6o K V /l^ 



-6- 



(7) 
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iCgg^i : J = 1 6 . 6 2 8 mniSIilL, ^j^^:^r6](Ci^§ 

: h = 7. 2mmmi^xmm^ri^o ^tz. mm^m 

Rm RsO 

(SfnlKltiB 0 oo oo 

U>'XL 1 1 1617.537 -259.916 

2 -146.526 -80.074 

U>XL 2 3 41 3. 676 -59. 597 

4 824.882 -30.107 
lis. 2®.5^ZJ^3®fi rgi|^3grrSjl^<^)lte^/j5^^5g:^ 

^-r 6 a?) o±l2'&»«<Dffl $r T tCTr-To 

1® (<^[^^{R)JU-^-X(7DAlt®) 20 
Rm=1617. 537, K=l. 8499E+2. Ani4=1. 2841 E-8. Am6=-6. 0170E 
-13. Am8=-8. 0398E-17. Ami 0=5. 1378E-21 
Rso=-295. 916, B1=0. 82=7. 4192E-7, B3=0. B4=-9. 0134E-1 
1. 85=0. 86=7. 4572E-15, 87=0. 88=5. 0851 E-1 9, 89=0, 810= 
4. 3322E-22. 811=0. 812=-4. 6324E-26 

2® (fifPl5^(ByU'^XC)|tfcl5®) 

Rm=-146. 526. K=-1. 9337E-1. Am4=1. 7905E-8. Arn6=Z 8474E 

-13, Ani8=-3. 7228E-17. Ami 0=5. 9304E-21 

Rso=-80. 074. 81=3. 8163E-6. B2=-8. 9442E-7. B3=-7. 1778E 

-1 0. 84=1 . 0620E-1 0. 85=8. 0561 E-1 4. 86=-9. 5854E-1 5. 87= 30 

-1. 2058E-17, B8=-2. 9218E-19, 89=8. 5505E-22. 810=3. 400 

8E-22, 811=2. 2597E-26, 812=1. 0818E-27 

Rm=413. 676. K=-1. 3947E+1. Am4=-6. 7899E-9. Aiii6=-2. 0465 
E-1 3. Ani8=7. 4657E-18. Ami 0=5. 2824E-22. Aml2=-8. 1428E- 
27. Am14=-3. 7707E-33 

Rso=-59. 597, 81=2. 8847E-6. 82=-l. 1609E-7. B3=-l. 9647E 
-1 0. 84=1 . 4403E-1 1 . 85=1 . 1 509E-1 4. 86=-8. 9639E-1 6, 87= 
-4. 6935E-19, 88=1. 1227E-20. 89=1. 3265E-23. 810=1. 3121 
E-24, 81 1 =-2. 2260E-28. 81 2=-7. 31 53E-29 40 

Rm=824. 882. K=-6. 9066E+1. Am4=-1. 3483E-8. Am6=8. 9530E 
-14. Am8=1. 9362E-17. Aml0=-2. 8403E-22, Ami 2=6. 0443E-2 
7. Ami 4=1. 0767E-31 

Rso=-30. 107. 81=2. 5964E-7. B3=-2. 2608E-1 1. 85=1. 0492E 
-15, 87=-9. 2108E-22. B9=-1. 4922E-24. B11=Z 0387E-29 
KsO=-3. 7766E-1. 01=5. 1394E-6. C2=-4. 7466E-5, C3=-5. 54 
lOE-8, 04=3. 5948E-8, 05=4. 3084E-11. C6=-6. 0684E-12, 07 
=-5. 7729E-15. 08=2. 3739E-16, 09=1. 6716E-19, 010=1. 778 
OE-20, 01 1 =3. 371 5E-24. 01 2=-1 . 0989E-24 50 
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12 

iiilRt-s/f^ : P2= 2 1 . 2 urn 

m 3 ^^l^.(DW\lk^:^\^(Dmm^ : /3 = - 1 . 117 
^3 3fe^^(Cgii-^i5ttft^*^ : Rm, RsO. ^m±<D 

X n 
72. 492 1 
35.0 1.52718 
62.911 1 
13.940 1.52718 
159.706 1 

10=2. 1618E-6. 11=3. 6416E-10. 12=9. 3075E-10. l3=-3. 167 
2E-13. I4=-4.6925E-13. 15=3. 6532E-17. 16=1. 0567E-16. I 
7=3. 2030E-21, I8=-1. 1714E-20. l9=-6. 3093E-25. 110=6. 3 
027E-25. Ill =2. 3556E-29. 1 1 2=-1 . 31 87E-29 
K0=9. 1006E-9. Kl=-1. 3347E-11. K2=-4. 8215E-11, K3=3. 55 
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(3) c0/<7 7«-^ : f2yf}(rm: 
f2/fi = 8 5. 4/2 7. 0 0 = 3. 1 6 
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